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Exceptional  Memory 

Extraordinary  feats  of  memory  can  be  matched  or 
surpassed  by  people  with  average  memories  that  have 
been  improved  by  training 


^There  are  scientific  records  of  mem¬ 
ory  feats  that  deviate  so  markedly 
from  the  normal  that  they  are  called 
exceptional  and  are  assumed  to  re¬ 
flect  a  memory  system  structurally 
different  from  that  of  most  people. 
Some  -recent  research  involving 
memory  training  of  normal  people 
has  led  us  to  rpiestion  this  distinction. 
We  will  first  describe  the  empirical 
evidence  reported  in  support  of  the 
idea  that  exceptional  memory  is  dif¬ 
ferent  from  normal  memory.  Then 
we  will  present  our  research  in  sup¬ 
port  of  the  assertion  that  normal 
memory  structure  is  sufficient  to  ex- 

ggSraLn,  in 
practice  and  prior  experience. 

Let  us  first  describe  some  loses 
and  general  characteristics  of  normal 
human  memory  and  then  specify 
how  exceptional  memory  deviates 
from  and  contradicts  them.  The 
contemporary  view  of  die  memory 
system  in  normal  adults  is  that  in¬ 
fo  (nation  can  be  held  primarily  in 
two  different  storage  systems: 
short-term  and  long-term  memory. 
When  new  information  is  perceived 


and  attended  to,  it  is  kept  available 
for  a  short  time  but  then  is  irrevoca¬ 
bly  lost  unless  it  is  attended  to  again, 
or  rehearsed.  This  temporary  storage 
system  is  called  short-term  memory 
(STM).  The  mount  of  Information 
that  can  be  held  at  one  time  in  STM  is 
severely  limited  for  normal  people. 
To  be  stored  permanently,  informa¬ 
tion  has  to  be  placed  in  long-term 
memory  (LTM),  which  consists  of  an 
essentially  unlimited  and  permanent 
base  for  storing  information.  Infor* 
aaation  in  LTM  can  be  retrieved  only 
by  precise  retrieval  cues,  and  failure 
in  retrieval  ia  the  major  cause  of  loss 
of  information  in  ltm.  For  normal 
aaoofo  it  leaufoas  conscious  effort 

iruWlnm  •»  iw^ussue  eaiwas 

and  considerable  time  to  commit 
''unrelated  information  to  ltm  in  a 
form  that  makes  it  available  for  re¬ 
trieval. 

Fairly  early  in  psychology,  at¬ 
tempts  were  asade  to  measure  the 
capacity  of  STM.  The  ssost  common 
procedure  wee  the  memory-span 
task,  in  whkhsn  experimenterjpre- 

in  ordsr.  Tha  items  are  pesaented  at 
afairty  rapid  rate  (1  item  per  second) 
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lien  converted  to  LTM.  The  inter¬ 
esting  eondasion  urns  that  the 
aaemoty  span  is  limited  said  laap- 
proKkaateiy  the  same  for  masty  typss 
of  symbols:  around  7  different  digits 
or  consonants  and  slightly  fewer  (S 
or  4)  colors,  visually  prasented  geo¬ 
metries!  designs,  and  i  wrh  Miller 

^muee^oue  wev^u-wf 

(1984)  summarized  this  renarch  by 
saying  that  stm  has  tha  opacity  ta 
retain  7  plus  or  minas  2  symbols  or 
chunks.  A  chunk  is  a  collection  of 
symbols,  such  as  a  phene  number, 
that  acts  as  a  memory  unis:  all  the 
symbdlsef  the  chunk  amfasgotten  er 
tMriffHiri  MMt hm.  And  kKtfc  it  a 
stngfo  retrieval  cue  for  the  chunk. 

Theta  have  bean  many  reports 
of  individuals  whose  exceptional 


feats  of  memory  appear  to  violate  the 
limitation  of  STM  and  other  charac¬ 
teristics  of  normal  memory.  Most  of 
these  memory  feats  have  used  num¬ 
bers  and  other  kinds  of  meaningless 
material,  similar  to  those  used  to  test 
STM  in  normal  people.  Around  the 
turn  of  the  century  Binet  (1894) 
published  a  study  of  the  exceptional 
memory  of  mental  calculators  and 
chess  masters.  The  calculators  were 
able  to  multiply  two  5-digit  numbers 
mentally  without  external  memory 
aids,  and  were  also  able  to  commit 
large  matrices  of  digits  to  memory 
after  a  brief  praaentetiosL  According 
to  the  verbal  reports  of  these  mental 
calrulaUMi.  they  atoeed  the  praaanted 
digits  as  either  auditory  or  visual 

itfcracopying  process  and  leading  to 
the  term  "photographic  memory." 

In  the  most  cited  and  extensive 
study  of  exceptional  memocy,  Luria 
(1968)  examined  the  memory  of  a 
newspaper  reporter  named  S.  V. 
ShsrashevskiifS)  for  over  30  years.  S 
shewed  an  exceptional  ability  to 
aaemoriae  meaningless  information 
such  as  nonsense  syllables,  mathe¬ 
matical  formulas,  and  poems  in  for¬ 
eign  languages.  Although  Luria  un¬ 
fortunately  provided  little  actual 
documentation  of  S*s  memory  feats, 
he  did  publish  a  detailed  description 
of  S'*  memorisation  of  a  matrix  con¬ 
taining  50  digits.  S  looked  at  the  ma¬ 
trix  for  3  minutes  and  then,  after  the 
matrix  was  taken  away,  was  able  to 
dsscribt  ail  the  information  on  the 
matrix  as  if  K  wart  available  te  him  in 
a  mental  picture.  Luria  argued  that 
S's  exceptional  memory  was  struc¬ 
turally  different  from  normal  and 
was  based  on  noncognitive,  sensory 

P™C5u!n*  recent  studios  have  used 
modern  experiments!  methods  to 
analyse  and  document  the  perfor¬ 
mance  of  people  with  exceptional 


memory.  The  most  notable  of  these 
studies  is  Hunt  and  Love's  (1972) 
analysis  of  VP,  an  excellent  chess 
player  who  displayed  the  best  mem¬ 
ory  of  recent  subjects  although  he  is 
not  up  to  the  same  level  as  Luria's 
S. 

Several  types  of  evidence  have 
been  cited  in  support  of  the  idea  that 
exceptional  memory  is  qualitatively 
different  from  normal  memory.  First, 
there  is  a  marked  difference  in  per¬ 
formance,  a  difference  so  large  that 
the  exceptional  feat  is  judged  to  be’ 
outside  the  range  of  normal  subjects. 
For  example,  after  having  had  their 
memory  span  for  digits  measured, 
most  people  find  it  inconceivable 
that  they  could  ever  double  or  triple 

their  performance,  regardless  of  the 
amount  of  practice.  A  second  differ* 
ence  concerns  the  processes  and 
structures  involved  in  the  transfer  of 
information  to  LTM.  Subject  S  re¬ 
ported  forming  a  visual  image  by 
simply  looking  at  the  digit  matrix. 
Most  people  form  a  verbal  string  by 
using  rote  rehearsal,  as  they  do  for 
other  types  of  memorized  informa¬ 
tion  such  as  the  names  of  the  months 
and  the  national  anthem.  Further¬ 
more,  most  people  require  extensive 
effort  and  concentration  over  pro¬ 
longed  periods  of  tiaae  to  memorize 
meaningless  information.  If  the  in¬ 
formation  is  almost  photographically 
copied,  it  appears  unlikely  that  skill 
or  other  cognitive  program  are  in¬ 
volved.  The  implicit  assumption  is 
that,  even  with  practice,  normal 
people's  memory  processes  are  sim¬ 
ply  not  powerful  enough  to  generate 
the  fis  i  for  mam  a  exhibited  l>y  people 
with  exceptional  memories.  How¬ 
ever,  meet  normal  people  we  simply 
unaware  of  the  existence  of  tech* 
itiquee  that  can  be  used  to  improve 
the  memory. 

A  type  of  superior  memory  re¬ 
lated  to  exceptional  memory  has 
Pftfi  in  cxpmv  tor  vnetr 

domain  of  expertise.  If  a  chessboard 
is  shown  for  9  seconds,  a  beginner  at 
cmh  can  raprwucc  nv  location  of 
only  4  or  5  pieces.  This  is  exactly 
what  rim  limits  for  normal  «m 
would  predict.  However,  s  chess 
master  eta,  after  the  same  short  ex¬ 
posure,  focal)  all  the  pieces  on  the 
chessboard  virtually  perfectly.  Ex¬ 
perienced  chase  players  at  interme¬ 
diate  levels  of  skill  show  better 
memory  than  the  beginner,  but  - 
worse  then  the  expert.  Those  it  thus 
s  riser  fetation  betvveen  Itwal  of  tWf 


abavt  te  rigto.  US*  mtmvry  spaa  ever  20 
awadw  of  pnetfw  bthmm  fat  Mack.  DO, 
iMtfcinabfret  wha  wasalaag-dMaact 
nmacf,  war  trained  W  ate  ST*  sjwtcm,  and 
hi*  mxiory  «p*n  is  shown  ta  color. 


performance  of  chess  masters  was 
closely  linked  to  the  presence  of 
meaningful  chew  patterns,  patterns 
that  have  become  familiar  with  yean 
of  practice. 

In  the  rest  of  this  article,  we.will 
argue  that  both  exceptional  and  ex¬ 
pert  memory  are  consistent  with  the 
laws  and  limitations  of  normal 
memory,  and  that  ail  adults  can  de¬ 
velop  these  forms  of  memory 
through  extensive  practice.  In  theory, 
extensive  practice  creates  a  large 
knowledge  base  in  LTM  and  new  in¬ 
formation  can  be  stored  efficiently  in 
a  retrievable  form  by  associating  it 
with  familiar  material  in  the  knowl¬ 
edge  base. 

Our  argument  is  based  on  three 
sources  of  data.  Pint,  ws  will  dem¬ 
onstrate  that  normal  adults  with 
modest  amounts  of  practice  can 
achieve  memory  performance  that 
equals  die  recorded  performance  of 
people  with  exceptional  memories. 
By  closely  examining  the  develop¬ 
ment  of  such  a  memory  skill  we  will 
show  its  relation  to  the  limits  of 


and  ability  to  recall.  Investigators 
have  demonstrated  this  relation  for 
a  large  number  of  skill*  using  bridge 
hands  (Chamcas  1979),  circuit  di¬ 
agrams  (Egan  and  Schwartz  1979), 
and  architectural  drawings  (Akin,  in 
pram). 

In  his  origins!  studies  Binet 
(1894)  sent  out  questionnaires  to 
chess  masters,  inquiring  about  their 
i  mental  representation  of  chess 
games.  The  chest  masters  almost  in¬ 
variably  reported  having  the  chess¬ 
board  stored  as  a  visual  image,  like  a 
mental  photograph.  However,  Binet 
found  some  differences  between 
regular  photographs  and  these 
mental  visual  images:  the  images  did 
not  include  the  exact  color  and  de¬ 
tailed  features  of  chem  ptaost  or  the 
shadows  cast  by  the  pieces,  and,  in 
general,  the  linages  seemed  to  take 
on  an  abstract  or  schematic  char¬ 
acter. 

Some  more  recent  research  has 
definitely  refuted  the  notion  that 
chess  mastiff  are  able  to  make  a  vi¬ 
sual  mental  copy  of  chessboards 
(Owes  snd  Simon  1979s,  b;de  Groot 
1986).  When  investigators  briefly 
showed  foe  dims  srastaraosmpletely 

tseti  foe  tacettans  ef  only  4  or  9 
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normal  memory.  Second,  we  will 
show  that  the  cognitive  structures 
and  processes  acquired  through 
prsctUx  can  account  for  exceptional 
and  expert  memofy.  In  particular,  we 
trill  compare  in  some  detail  the  per¬ 
formance  of  our  trained  subjects  with 
that  of  people  with  allegedly  excep¬ 
tional  memory.  Finally,  we  will 
demonstrate  that  all  normal  adults 
exhibit  skilled  snd  exceptional 
memory  In  a  domain  where  they  are 
experts. 

Acquisition  of  exceptional 
memory 

We  decided  that  it  would  be  partic¬ 
ularly  interesting  to  study  the  effects 
of  practice  on  the  digit-«pan  task, 
which  is  generally  used  to  assess  the 
rapacity  of  a  person's  STM.  In  this 
task,  a  subject  is  read  a  sequence  of 
random  <Hgits  at  a  rate  of  about  1 
digit  per  second.  If  the  subject  repeats 
the  sequence  correctly,  then  the  next 
sequence  is  increased  by  1  digit; 
otherwise,  the  next  sequence  is  de¬ 
creased  by  1  digit.  The  estimated 
span  of  a  subject  equals  the  length  of 
a  digit  sequence  that  the  subject  ran 
rtptlt  COfTVCUj  Mil  TMtnM. 

task  to  an  undergraduate.  SF,  for 
about  1  houradsy,3toSdsyss  week, 
foe  20  months,  or  for  more  than  290 
hows  of  laboratory  lasting.  Although 


SF  had  only  average  memory  abilities 
and  average  intelligence  fora  college 
student,  his  digit  span  steadily  .im¬ 
proved  from  7  to  around  80  digits,  a 
truly  exceptional  memory  perfor¬ 
mance  (Fig.  1).  Normal  subjects  have 
spans  of  around  7  digits  and  only 
rarely  are  spans  of  over  10  digits  ob¬ 
served.  Even  individuals  with  alleg¬ 
edly  exceptional  memory  do  not 
come  close  to  this  level  of  perfor¬ 
mance  (Table  1).  The  highest  digit 
span  ever  recorded  previously  is  18 
digits,  the  span  of  the  German 
mathematics  professor  R&ckle 
(Muller  1911). 

It  is  important  to  note  that  dur¬ 
ing  this  entire  study  SF  was  in  no 
way  coached  or  instructed  in  how  to 
improve.  However,  he  was  highly 
motivated  and  constantly  tried  dif¬ 
ferent  methods  to  improve  his  span. 
His  skill  was  thus  self-taught. 

In  the  first  4  sessions  of  the  ex¬ 
periment,  SF  either  rehearsed  the 
entire  digit  sequence  or  broke  die 
sequence  into  taro  groups  and  re¬ 
hearsed  the  second  group.  He  also 
occasionally  reported  noticing  nu¬ 
merical  pattens,  such  as  654  and  424. 
This  is  exactly  what  we  observe  with 
other  normal  subjects.  During  this 
initial  period,  SF*  memory  span 
stayed  within  a  nocasal  range  of  7  to 
9  digits. 

In  the  fifth  session,  SF  noticed 
that  some  digit  groups  reminded  him 
of  running  times  for  different  races. 
(SF  was  a  good  long-distance  runner 
who  competed  in  races  throughout 
the  eastern  United  Slates.)  As  soon  as . 
he  started  thinking  of  some  digit 
groups  as  running  times,  his  digit 
span  increased  markedly.  What  SF 
did  was  begin  mentally  to  encode  3- 
and  4-digit  groups  as  running  times 
for  various  ness.  For  example,  he 
remembered  3492 a*  "3  minutes  and 
49.2  seconds,  near  workl-record  time 
for  running  a  mile."  In  the  early 
ohiaflftaf  tfiftin  ht  fljfovf  rt  fl 
only  a  small  number  of  running-time 
categories,  which  meant  that  he  had 
to  remember  many  digit  sequences 
without  mnemonic  associations.  But 
during  the  first  4  months  he  gradu¬ 
ally  constructed  an  alaborste  set  of 
mnemonic  associations  baaed  ini¬ 
tially  on  running  times  and  then 
supplemented  with  ages  (893  was 
"*9.3  years  old,  a  very  old  person") 
end  dates  (1944  was  "nepr  the  end  of 
World  War  IT)  for  thoee  sequences 

Running  times  account  for  «%,  and 


Table  1.  Digit  spans  ot  memory  experts 
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ages  25%,  of  SFs  mnemonic  associa¬ 
tions. 

As  soon  as  we  discovered  SFs 
successful  technique  of  associating 
digit  sequence*  with  running  timet, 
we  attempted  to  construct  a  model  of 
his  cognitive  processes.  We  simulat¬ 
ed  the  nroccmea  involved  in  receiv¬ 
ing  and  encoding  a  digit  sequence  by 
constructing  a  computer  program 
that  would  transform  digit  sequences 
into  running  times.  We  used  Our 
computer  model  to  generate  digit 
sequence*  that  SF  would  not  asso¬ 
ciate  with  running  times.  When  he 
was  faced  with  them  uncodabie  se¬ 
quences,  SFs  performance  dropped 
almost  to  hit  beginning  level.  In  an¬ 
other  experimental  session,  we  pre¬ 
sented  him  with  sequences  that 
could  all  be  associated  with  running 
times.  His  performance  jumped  by 
22%,  from  an  avenge  of  16  to  an  av¬ 
erage  of  19J  digits. 

This  last  experiment  also  dem¬ 
onstrates  that  SFs  memory  span  for 
digits  was  not  unlimited  even  when 
ail  the  groups  of  3  and  4  digits  were 
meaningful.  SF  was  at  that  time  able 
to  remember  only  three  or  four  such 
groups  in  addition  to  the  5  or  6  digits 
at  the  end  of  a  sequence  that  he  re¬ 


hearsed  to  himself.  It  was  only  after 
he  introduced  a  new  level  of  encod¬ 
ing,  in  which  the  digit  groups  wer* 
combined  into  "super  groups,"  that 
SF  was  able  reliably  to  recall  more 
than  four  groups.  For  example,  to 
remember  25  digits,  SF  normally 
grouped  the  digits  into  three  groups 
of  4  digits  each,  three  groups  of  3 
digits  each,  and  a  4-digit  rehearsal 
group  at  the  end.  One  indication  of 
this  grouping  structure  is  that  when 
a  subject  repeats  the  digits,  there  is  a 
failing  intonation  in  his  voice  on  the 
last  group  of  4  digits  and  there  is  a 
long  pause  before  he  repeats  the  3- 
digit  group.  With  further  practice,  SF 
continued  to  introduce  further  levels 
into  his  hierarchical  storage  of  digit 
groups  until  he  reached  his  highest 
memory  span  of  82  digits.  His  orga¬ 
nization  of  80  digits  is  shown  in 
Figure  2. 

In  another  series  of  experiments, 
we  demonstrated  that  SF  stored  these 
digits  in  a  retrievable  form  in  ltm,  as 
shown  by  his  ability  to  recall  over 
90%  of  the  200-300  digits  presented 
.  during  an  entire  session.  When  SF 
could  regulate  the  speed  of  presen¬ 
tation  of  digits,  after  about  100  hours 
of  practice  he  was  able  to  reduce  by 
half  the  time  he  needed  to  memorize 
50  digits. 

On  the  basis  of  these  and  other 
experiments,  we  concluded  that  SFs 
memory  skill  consisted  of  efficient 
and  rapid  storage  and  retrieval  of 
information  in  LTM.  SF  did  not 
achieve  Ida  extraordinary  perfor¬ 
mance  by  simply  Improving  his 
ability  to  rehearse  digits  mentally.  In 
fact,  he  relied  on  rehearsal  only  to 
remember  the  laat  few  digits  pre¬ 
sented  in  each  sequence.  He  gave  the 
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other  inherently  meaningless  digits 
meaningful  interpretations  as  run* 
ning  times,  ages,  dates,  and  so  on. 
Throughout  his  development  of  the  ■ 
memory  skill  then  is  no  evidence 
that  SF  extended  the  limits  of  stm. 
The  largest  number  of  digits  for 
which  he  generated  mnemonic  as¬ 
sociations  was  four,  and  the  number 
of  encoded  digit  groups  in  a  single 
“super  group"  was  never  more  than 
four.  Even  after  20  months  of  prac¬ 
tice,  he  almost  never  rehearsed  mote 
than  six  digits  to  himself.  We  also 
tested  his  memory  span  for  another 
kind  of  symbol— i.e„  consonants— 
and  found  that  it  remained  at  six 
consonants. 

We  have  elsewhere  reported  the 
results  of  experiments  analyzing  er¬ 
rors  in  recall  and  temporal  patterns 
of  recall  that  strongly  support  the 
description  we  have  given  here  of 
SFs  skill  (Chase  and  Ericsson  1981, 
1982;  Ericsson  et  al.  1980).  We  have 
also  shown  that  other  subjects  can 
acquire  the  same  skill  with  practice 
and  initial  coaching.  Using  SFs 
techniques,  another  long-distance 
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runner,  DD,  has  been  able  to  improve 
his  digit  wan,  which  is  currently  at 
about  75  digits  (see  Fig.  1). 

In  this  series  of  studies,  we  have 
demonstrated  that  normal  adults  can 
perform  outstanding  feats  of  memory 
without  extending  any  of  the  basdc 
limitations  of  normal  memory.  In 
memory  tasks  in  which  normal 
subjects  rely  on  rehearsal  in  STM,  our 
trained  subjects  rapidly  encoded  the 
information  meaningfully  and  were 
able  to  store  it  in  permanent  and  re¬ 
trievable  form  in  ltm. 

ltm  storage  processes 

Are  the  cognitive  processes  of 


ltm  sufficient  to  account  for  perfor¬ 
mances  of  export  and  exceptional 
memory?  Relatively  little  inforau- 
tion  is  available  on  the  cognitive 
processes  used  by  exceptional 
subjects  to  commit  information  to 
memory.  However,  MAUer  (1911) 
analyzed  in  detail  how  Rflckle,  who 
had  the  highest  observed  digit  span 
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digit  sequences.  Ruckle  reported  di¬ 
viding  18  digits  into  three  groups  of 
6  digits  end  meaningfully  encoding 
each  of  these  groups  by  using  his 
extensive  knowledge  of  numbers. 
For  example,  893047  was  encoded  as 
893  -  19  X  47,  047  -  47. 

From  Luria's  (1968)  analysis  of  S, 
we  know  that  S  committed  informa¬ 
tion  to  LTM,  as  evidenced  by  his 
ability  to  recall  foe  information  days, 
weeks,  and  years  later.  S  reported 
that  he  generated  meaningful  asso¬ 
ciations  for  many  types  of  nonsense 
materials,  such  as  foreign  poems,  to 
aid  memorization.  (S  denied  using 
such  associations  for  numbers.  We 
will  return  to  this  fact  later.) 

Mnemonic  associations  like 
those  described  by  S  have  been 
known  since  foe  time  of  foe  ancient 
Greek  orators,  who  developed  tech¬ 
niques  to  aid  them  in  memorizing 
lists  of  items  and  names.  An  example 
of  these  techniques,  which  have  been 
refined  and  extended  over  the 
centuries  (Lorayne  and  Lucas  1974; 
Yates  1966),  is  foe  generation  of  a 
mental  image  to  connect  otherwise 
unrelated  words.  The  word  pair 
"cow,  bell"  can  be  effectively  re¬ 
membered  if  one  forms  an  image  of 
a  cow  kicking*  ball. 

It  has  been  shown  fairly  recently 
that  even  without  practice  normal 
people  can  use  these  techniques  to 
improve  foelr  memory  significantly 
(Bower  1972).  In  fact  people  do  not 
normally  commit  nonsense  infor¬ 
mation  to  memory  simply  by  rote 
roheanaL  Psychological  experiments 
have  demonstrated  that  normal 
subjects  almost  invariably  generate 
meaningful  asaodations  when  they 
memoriae  nonsense  words  (Mont¬ 
ague  at  at  1966;  Prytulak  1971).  For 

can  be  remembered  as  "cats  without 
an  a.”  Mnemonic  techniques  appear 
to  be  simply  more  effective  versions 
sf  methods  that  people  normally  use 
to  momcrim  information,  and  people 
can  easily  learn  to  use  mnemonic 
cvcmu^MS  t®  iswpfww  iiftir  pwnor* 
BMUI ct.Ttatt,  (to  techniques  uttd  by 
MhrtAtftli  wM  mdptkwul  mMi* 

W j  mm  HOT  OmRUIffly  Quill  VIII 

ufoam  m  tt  i—  ■  I 

Iran  irc  nvuiOmi  vm  wf  nonnii 

people; 

‘  We  have  tried  to  show  that  foats 
of  aueanriuwl  mm w  uMbit  the 
same  cftemcteriMkemriie  foots  of  our 

RWIIR  Prali  wld  RCw 

ie  subject's 


the  exceptional  people.  We  have  se- 
iected  memorization  of  matrices  of 
digits  as  the  task,  because  S  regarded 
numbers- as  "the  simplest  type  of 
material"  (Luria  1968,  p.  60)  and  be* 
cause  numbers  were  the  only  kind  of 
material  for  which  S  did  not  report 
generating  mnemonic  associations. 

Process  and  structure  of 
exceptional  memory 

In  comparing  people  with  allegedly 
exceptional  memory  to  our  trained 
normal  subjects,  we  are  interested  in 
showing  not  only  that  the  perfor¬ 
mance  of  the  two  groups  is  compa¬ 
rable,  but  also  that  their  cognitive 
processes  and  subsequent  memory 
structures— the  ways  in  which  they 
store  information— are  similar.  The 
first  problem  is  to  evaluate  the 
memory  structure. 

Fortunately,  there  are  data  that 
have  been  used  to  infer  the  structure 
of  exceptional  memory.  Suppose  that 
a  subject  is  asked  to  memorize  a  ma¬ 
trix  of  digits  like  the  ones  shown  in 
Figures  3  and  i  Binet  (1894)  used 
such  a  procedure  to  study  the  sms- 
ory  of  mental  calculators,  and  Luria 
used  a  similar  psoctdura  to  aaieaaSfc 
memory  structures,  the  underlying 


different  ways,  several  of  which  are 
illustrated  In  Figure  3.  The  time 
needed  by  several  mental  calculators 
and  other  subjects  to  study  and  then 
to  retrieve  the  25-digit  matrix  are 
given  in  Table  2;  Table  3  gives  similar 
results  for  Luria's  50-digit  matrix. 

Before  we  turn  to  a  detailed 
discussion  of  these  results,  let  us 
briefly  report  how  they  were  origi¬ 
nally  interpreted.  Binet  (1894)  argued 
that  the  data  shown  in  Table  2  sup¬ 
ported  the  reports  of  the  mental  cal¬ 
culators  Inaudi,  who  claimed  to  en¬ 
code  the  digits  as  auditory  symbols, 
and  Diamondi,  who  claimed  to  en¬ 
code  diem  visually,  as  Diamondi  was 
much  taker  than  uiaudi  in  retrieving 
the  digits.  Luria  (1968)  argued  that 
the  dato  shown  in  Table  3  upheld  S't 
reports  of  generating  a  visual  image 


of  the  digit  matrix,  as  his  retrieval 
times  were  about  the  same  regardless 
of  the  order  in  which  the  digits  were 
recalled.  These  data  are  the  only  ob¬ 
jective  evidence  supporting  Luria's 
daim  that  S  had  a  structurally  unique 
memory.  The  rest  of  S's  memory 
performance  is  based  on  standard 
mnemonic  techniques. 

We  had  our  trained  subject,  SF, 
and  a  few  other  undergraduates 
perform  the  same  tasks  (see  Tables  2 
and  3).  Furthermore,  we  found  that 
Muller  (1917)  had  collected  data  on 
normal  subjects  and  on  the  mathe¬ 
matics  professor  Ruckle  for  Binet's 
25-digit  matrix  (see  Table  2).  We  can 
see  that  the  normal  subjects  took 
much  longer  than  our  trained  subject 
and  the  exceptional  subjects  to  study 
the  matrices.  However,  there  is  no 


the  matrix  we  can  examine  the 
memory  structure  by  ateing  how  the 
information  is  retrieved. 

According  to  the  theories  that 
cama  to  be  acraptod  around  the  turn 
of  the  century,  there  are  baaically  two 
ways  that  a  matrix  can  be  stored  in 
memory,  it  can  be  stored  as  a  list  of 
auditory  symbol*,  the  way  most 
peopfcstomthaalphabatorthaiia- 
donid  anthem.  AHernadvaly  a  matrix 
can  be  stored  visually,  which  poe- 
aerves  Ha  spat lit  structure.  If  the 
matrix  is  stored  auditorily,  then  the 
information  can  be  rapidly  retrieved 
only  in  the  same  order  in  which  it 
was  committed  to  memory.  Retriev¬ 
ing  the  matrix  in  any  other  way,  such 
as  backwasdor  by  columns,  would  be 
much  harder  and  would  take  longer. 
On  the  Other  hand,  if  tho  matrix  is 
stored  visually,  it  should  be  possible 
to  retrieve  the  information  in  almost 
any  way  with  about  the  >>me  speed. 
The  implicit  assumption  is  that  re¬ 
trieval  from  a  visual  Unto*  is  anaio- 
gous  to  scanning  a  visual  display. 

To  aaasss  how  tho  Information 
was  stored,  the  subjects  were  in¬ 
structed  to  recall  the  difHaia  many 
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Table  2.  Tim*  (In  seconds)  needed  to  study  and  retrieve  Binet's  matrix 
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evidence  that  the  mental  calculators 
and  S  were  faster  than  SF  and  Metric. 
Rather,  there  is  a  clear  Indication  to 
the  contrary. 

Let  ua  now  proceed  to  the  times 
rnJUIlfQ  tv  rtfTWTt  utf  mfinOTUKu 
digits  in  different  order*.  A  visual 
inspection  of  the  retrieval  times  re* 
veals  no  dear,  systematic  differences 
between  the  exceptional,  trained, 
and  normal  subjects.  Although  it 
took  the  normal  subjects  many  times 
longer  than  the  experts  to  memoriae 
nit  matrices,  racy  wti?  net  to  xt* 
trievepansof  the  matrices  alaaost  as 
fast  as  the  experts.  From  experimen¬ 
tal  studies,  we  know  tnkthespeed  of 
retrieval  is  doseiy  related  to  the  extra 
study  time  spent  beyond  that  re¬ 
quired  for  memorization  alone  (see, 
for  example,  Newell  and  Rosen- 
Moom  1961).  Thus,  it  wilt  be  the  rela¬ 
tions  between  different  retrieval 
times  of  a  subject  that  will  give  us 
Information  about  the  memory 
structure,  rather  than  the  absolute 
retrieval  tiaras,  to  take  a  staple  ex- 
ample,  are  die  experts  able  to  retrieve 
a  matrix  by  columns  as  fori  as  by 


rows?  Such  a  result  would  support 
die  Idea  that  the  experts  ire  retriev¬ 
ing  information  from  an  uncoded 
visual  image. 

We  can  measure  the  similarity  of 
die  pattern  of  retrieval  times  for  any 
two  subjects  by  calculating  the  cor¬ 
relation  coefficient.  A  high  positive 
correlation  shews  a  very  simitar 
pattern  of  retrieval  times  for  die 
subjects  and  suggests  that  they  have 
similar  memory  structures.  Far  the 
25-digit  atari*  shewn  in  ngta  3. 

theconulatiowSbetwesnaUsubitctB 
are  veryhigh  and  positive;  inlaWe 
4  we  have  g|vel»  the  rorreiattoiri  be¬ 
tween  the  average  retrieval  time  of 
normal  subjRta  and  that  of  e«di  ex¬ 
ceptional  suldect  ta  TbMe  2. 

When  we.  calculate  the  eone- 
spondta  correlations  far  the  SO-dlgfe 
matrix  Mown  In  Figure  4  and  the 
subjects  ta  Table  3,  we  find  them  to 
be  low  and  within  chance  variatfon 
(Tabfo  5).  The  Mtrieval  dotes  for  this 
matrix  appear  lb  be  tat  therome 
rtganii— a  oi  mt  mnevii  iww 
Hon,  and  rids  Star  pattern  of  uni¬ 
form  times  is  indicated  by  ait 


subjects — which  would  lead  to  the 
low  correlations  in  Table  5.  The  in¬ 
teresting  result  to  notice  is  that 
subjects  are  able  to  retrieve  the  entire 
matrix  row  by  row  as  fast  as  they  can 
retrieve  a  single  column. 

Given  our  knowledge  of  die 
cognitive  processes  used  by  trained 
subjects,  can  we  account  for  the  ob¬ 
served  pattern  of  retrieval  times?  SF 
reported  commiting  the  matrices  to 
memory  In  a  manner  similar  to  the 
wiyfti  which  he  memorised  digits  in 
ta  digit-span  task.  Using  his  mne¬ 
monic  associations,  he  coded  each 
row  of  die  matrix  as  a  single  digit 
group,  and  he  stored  each  row  in  a 
memory  structure  similar  to  that 
shown  In  Figure  2.  He  retrieved  the 
matrix  row  by  totrand  extracted  die 
required  digit  or  digits  from  each 
row.  The  dme-conauming  phase  was 
retrieving  the  next  digit  group;  once 
a  group  Wai  retrieved,  finding  the 
digits  within  a  row  was  almost  im¬ 
mediate.  Similar  verbs!  reports  were 
obtained  from  our  normal  nbjsi  is 
and  were  given  by  Kfidrie  (MOUer 
IMS,  1417)  as  well  as  the  mnemonist 
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VP  (Hunt  and  Love  1972), 

Wt  hiwdtviMi  i  wipic  aaodel 
of  retrieval,  bmd  on  thni  itpoMt  in 
which  subjects  M«n  and  ntrtjvt 
there  matrices  row  by  row  aa  digit 
group*  in  LTM.  This  model  predicts 
that  the  time  needed  to  recall  a  ma¬ 
trix  in  any  oidar  is  a  linear  function 
of  the  number  of  times  a  new  digit 
group  or  row  is  retrieved.  In  the  last 
column  of  Tables  2  and  3  we  have 
given,  for  each  retrieval  instruction, 
the  number  of  times  a  new  digit 
group  has  to  be  retrieved.  The  model 
doe*  a  remarkably  rood  job  of  pro* 
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the  29»digit  matrix;  retrieving  the 
matrix  by  rows,  which  involves  5 
digit  groups,  isiaster  than  retrieving 
the  matrix  by  columns,  which  in- 
volves  29  groups,  and  retrieving 
rows  backward  takas  about  thesame 
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ovsr  MW00  hours  of  practice  (Chase 
and  Simon  1973a,  b).  Although  we 
hMfbdbii^omthomeiiml  calculators 
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ferencesin  memory  but  with  practice 
in  the  efficient  use  of  LTM.  We  also 
believe  that  such  superior  memory 
cm  fct;,  and  is,  acquired  by  any  nor¬ 
mal  aduit  fat  certain  areas  of  expertise 
and  skill.  Because  individuals  de¬ 
velop  skills  in  a  variety  of  domains, 
it  is  difficult  to  findaaet  of  skills  that 
all  normal  adults  have  invariably 
acquired.  However,  all  adults  are 
experts  in  using  their  native  lan- 
.  grogs  Bren  after  a  hundred  hours  of 
practice  and  instruction  in  a  new 
Inagroge,  a  person  is  still  a  be¬ 


lt  is  sroB  known  that  normal 
pie's  memory  for  prose  la  many 


material  (KhMacfa  1974;  Kiatsch  and 
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those  in  the  regular  memory-span 
test,  have  shown  that  normal  subjects 
are  in  fact  able  to  retain  for  a  short* 
time  the  exact  wording  of  sentences, 
markedly  surpassing  the  normal  STM 
limit  of  only  6  or  so  unrelated  words 
(Aaronson  and  Scarborough  1977; 
Jarvella  1971). 

In  order  to  compare  memory  for 
prose  directly  with  the  standard  es¬ 
timates  of  memory  span,  Ericsson 
and  Karat  (1981)  used  a  procedure 
closely  analogous  to  the  digit-span 
task.  They  took  meaningful  sen¬ 
tences  with  different  numbers  of 
words  from  short  stories  and  novels 
by  Steinbeck.  The  longer  sentences 
were  used  intact  and  were  also 
scrambled  to  form  meaningless  se¬ 
quences  of  the  same  words.  These 
two  types  of  stimuli  correspond 
closely  to  the  regular  and  scrambled 
chessboards  studied  by  Chase  and 
Simon  (1973a,  b).  Both  intact  and 
scrambled  sentences  were  read  in  the 


mechanisms  that  under1'-*  excep¬ 
tional  memory. 

We  designed  an  experiment  to 
evaluate  the  hypothesis  that  LTM  is 
responsible  for  the  superior  memory 
span  for  sentences.  For  scrambled 
words,  little  or  no  LTM  would  be  ex¬ 
pected.  We  presented  intact  and 
scrambled  sentences  alternately,  and 
asked  the  subjects  for  immediate 
written  recall  after  each  sentence. 
The  major  difference  from  earlier 
experiments  was  that  we  also  unex¬ 
pectedly  asked  the  subjects  to  recall 
all  the  presented  information  after¬ 
ward,  when  they  were  cued  by  a 
unique  word  from  each  sentence. 

The  main  result  of  this  experi¬ 
ment  was  that  the  subjects'  cued  re¬ 
call  of  the  intact  sentences  was  re¬ 
markably  high,  but  their  recall  of  die 
scrambled  sentences  was  virtually 
nonexistent.  In  only  12%  of  the  cases 
could  the  subjects  recall  anything 
from  the  scrambled  sentences,  and  in 


the  language  usage  test  (r  *  0.50,  p  < 
0.01).  The  numeric  reasoning  test  was 
only  weakly  related  to  these  mea¬ 
sures  of  accuracy  and  did  not  con¬ 
tribute  any  additional  information. 
Simitar  results  have  been  reported  by 
Daneman  and  Carpenter  (1980). 

It  appears  that  normal  people's 
memory  for  prose  involves  die  same 
mechanisms  that  underlie  expert 
memory.  People's  memory  for  prose 
can  exceed  their  STM  capacity  if  they 
use  their  knowledge  of  semantics 
and  syntax  to  store  information  in 
LTM.  Further,  one  can  interpret  the 
large  individual  differences  in  prose 
memory  as  due  primarily  to  differ¬ 
ences  in  language  skill.  People  who 
have  spent  many  years  building  up 
their  language  skills  have  acquired 
an  extensive  verbal  knowledge  base 
in  LTM  that  can  be  used  more  effec¬ 
tively  to  store  the  meaning  and 
structure  of  sentences. 

We  noted  earlier  that  feats  of 


same  monotone  and  at  the  same 
speed  of  one  word  per  second.  At  the 
end  of  each  sentence,  the  subjects 
wrote  down  as  much  of  it  as  they 
could  remember. 

There  was  a  striking  difference 
in  the  amount  remembered  between 
the  meaningful  sentences  and  the 
scrambled  words.  The  subjects  had 
perfect  recall  half  the  time  of  scram¬ 
bled  sequences  of  only  about  6 
words,  in  complete  agreement  with 
the  estimates  we  cited  earlier  of 
memory  span  for  unrelated  words. 
As  predicted,  the  subjects'  ability  to 
recall  the  exact  words  of  meaningful 
sentences  was  much  better,  sentences 
of  12  to  14  words  were  recalled  per¬ 
fectly  about  half  the  Hate.  Although 
the  avenge  percent  of  perfectly  re¬ 
called  sentences  decreased  as  the 
number  of  words  In  the  sentences 
increased,  several  well-formed  sen¬ 
tences  with  as  many  as  28  words  were 
recalled  perfectly  by  some  subjects. 
To  take  one  example,  2  of  20  subjects 
recalled  the  following  28-word  sen¬ 
tence  perfectly:  "She  brushed  a  doud 
of  hair  out  of  her  eyes  with  the  back 
of  her  glove  and  left  a  smudge  of 
earth  on  her  cheek  in  doing  H. 

In  terms  of  the  amount  recalled, 
these  memory  feats  by  nermsl 
subjects  seem  aimest  as  impressive  as 
those  exhibited  by  the  chen  masters 
and  digit  experts.  The  qtmifon  la 
whether  we  can  account  far  non 
subjects'  superior  memory  for 
tenses  with  reference  to  the 


only  4%  were  they  able  to  recall  more 
than  asingle  weed.  In  contrast,  they 
recalled  words  from  intan  sentences 
79%  of  Hie  time,  generally  remem¬ 
bering  more  than  half  the  presented 
words.  This  result  dearly  indicates 
the  involvement  of  LTM  in  the  supe¬ 
rior  memory  for  sentences. 

In  our  experiments  we  have  also 
consistently  found  systematic  indi¬ 
vidual  differences  in  the  ability  to 
recall  sentences.  Using  traditional 
methods  for  calculating  memory 
span,  we  found  the  span  for  words  in 
sentences  to  range  from  11.0  to  20.5 
words  for  different  subjects.  When 
we  analyzed  our  data  in  terms  of  the 
number  of  perfectly  recalled  sen¬ 
tences  or  the  percent  of  recalled 
words  we  found  reliable  individual 
differences  as  well. 

We  conducted  a  final  experi¬ 
ment  to  expion  the  relation  between 
the  subjects'  language  skill  and  their 
memory  span  for  sentences.  Lan¬ 
guage  skill  was  assessed  by  a  test  of 
correct  language  use  and  verbal  rea¬ 
soning.  To  be  able  to  refute  the  im¬ 
portance  of  general  intelligence,  we 
also  gave  the  subjects  a  test  of  nu¬ 
meric  reasoning.  The  number  of 
correctly  recalled  words  was  very 
well  predicted  by  both  the  language 
wage  test  (r  -  072,  p  <  0.001)  and  the 
verbal  reasoning  test  (r  •  0.74,  p  < 
0.001).  for  the  number  of  correctly 


exceptional  memory  have  been  ex¬ 
hibited  for  information  that  is  unfa¬ 
miliar  or  meaningless  to  normal 
subjects.  Normal  subjects'  memory 
for  such  information  is  severely 
limited  and  appears  to  reflect  some 
fixed  structural  limits  of  foe  cogni¬ 
tive  processing  system  for  briefly 
presented  information.  However,  we 
have  shown  that  normal  subjects  can, 
through  extensive  practice,  vastly 
improve  their  memory  for  certain 
types  of  information,  even  surpass¬ 
ing  the  performance  of  individuals 
with  allegedly  exceptional  memory. 
The  patterns  of  retrieval  used  by 
these  trained  normal  subjects  and  by 
people  with  exceptional  memories 
for  large  matrices  of  digits  are  similar 
to  the  processes  used  by  untrained 
normal  subjects  to  remember  mean¬ 
ingful  sentences. 

In  our  analysis  of  large  differ¬ 
ences  in  memory  performance,  we 
have  found  that  certain  limits  remain 
unchanged.  We  noted  that  the  num¬ 
ber  of  founka  of  information  that  our 

subject  SF  kept  in  mind  was  limited 
to  four,  regardlees  of  whether  the 
chunfce  corresponded  to  digits  re¬ 
hearsed  in  STM,  digits  stored  as  a 
group,  or  groups  of  digits  stored  as  a 
super  group,  lit  fact,  we  have  not 
found  a  single  exception  to  this  limit 
in  ear  analysis  of  foe  memory  per- 
ferillutcft  IX  fMmtti  CXDCfttL 
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is  a  skill 


developed  through  extensive  prac¬ 
tice  and  experience,  that  allows  for 
rapid  and  efficient  use  of  ltm.  Fur¬ 
ther,  this  skill  is  developed  within 
the  basic  abilities  and  limits  of  the 
normal  cognitive  system.  In  every 
recorded  feat  of  exceptional  memory 
we  have  identified  the  same  compo¬ 
nents:  the  importance  of  prior  expe¬ 
rience  and  practice,  the  availability 
of  meaningful  associations,  storage 
in  ltm,  and  efficient  retrieval  of  in¬ 
formation  from  LTM.  A  single  model 
is  adequate  to  describe  all  adult 
memory. 
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3333  Coyote  Road 
Palo  Alto.  CA  9*304 

1  Dr.  Bruce  Buchanan  1 

Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  90305 

1  DR.  C.  VICTOR  BUNDS RSON  1 

NIC AT  INC. 

UNIVERSITY  PLAZA,  SURE  10 
1160  SO.  STATE  ST. 

OREM,  UT  8*057 

1 

1  Dr.  John  B.  Carroll 
Psychometric  Lab 
Univ.  of  Ho.  Carolina 
Davie  Nall  013* 

Chapel  Hill,  NC  1751* 

1 

1  Charles  Myers  Library 
Livingstone  House 
Livingstone  Road 
Stratford 

London  C15  2 LJ  1 

ENGLAND 

1  Or.  William  Chose 

Dtparimtaft  of  Psychology 
Carnegie  Mellao  University 
Pittsburgh,  PR  . lifts 


Non  Govt 


Dr.  William  Clancey 
Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  9*305 

# 

Dr.  Allan  M.  Collins 
Bolt  Beranek  A  Neva  an,  Inc. 

50  Ho«d  ton  Street 
Cambridge,  Ha  02138 

Dr.  Lynn  A.  Cooper 
LRDC 

University  of  Pittsburgh 
3939  O'Hara  Street 
Pittsburgh,  PA  15213 

Dr.  Heredith  P.  Crawford 
American  Psychological  Association 
1200  17th  Street.  N.V. 

Washington,  DC  20036 

Dr.  Kenneth  B.  Cross 
Anaeape  Sciences,  Ihe. 

P.0.  Drawer  0 

Santa  Barbara,  CA  93102 

Dr.  Hubert  Dreyfus 
Department  of  Philosophy 
University  of  California 
Berkely,  CA  9*720 

LCCL  J.  C.  Eggenberger 

DIRECTORATE  OP  PERSONHEL  APPLIED  RESEARC 

NATIONAL  DEFENCE  HQ 

101  COLONEL  BT  DRIVE 

OTTAWA,  CANADA  K1A  0K2 

Dr.  Ed  Faigenbeun 
Department  of  Computer  Science 
Stanford  University 
Stanford,  CA  9*395 

f 

Hr.  Wallace  Feirxeig 
Bolt  Baranek  4  Neman,  Inc. 

50  Moulton  St. 

Cambridge,  HA  02138 
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1  Dr.  Edwin  A.  Fleishman 

Advanced  Research  Resources  Organ. 
Suite  900 

0330  East  Vest  Highway 
Washington,  DC  20014 

1  DR.  JOHN  D.  FOLLET  JR. 

APPLIED  SCIENCES  ASSOCIATES  INC 
VALENCIA,  PA  16059 

1  Dr.  John  R.  Frederikaen 
Bolt'  Beranek  A  Neva  an 
50  Moulton  Street 
Cambridge ,  HA  02138 


1  Dr.  Ron  Henbleton 
School  of  Education 
University  of  Massachusetts 
Asher st,  HA  01002 

1  Dr.  Harold  Hawkins 

Department  of  Psychology 
University  of  Oregon 
Eugene  OR  97403 

1  Dr.  Barbara  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  CA  90406 


1  Dr.  Alinda  Friedman  1 

Department  of  Psychology 
University  of  Alberta 
Edmonton,  Alberta 
CANADA  T6G  2E9 

1 

1  Dr.  R.  Edward  Geiselacn 
Department  of  Psychology 
University  of  California 
Us  Angeles,  CA  90024 

1 

1  DR.  ROBERT  GLASER 
LRDC 

UNIVERSITY  OF  PITTSBURGH 
3939  O'HARA  STREET 

PITTSBURGH.  PA  15213  1 

1  Dr.  Marvin  D.  Clock 
217  Stone  Hall 
Cornell  university 

Ithaca,  NT  14853  1 

1  Dr.  Daniel  Gopher 

Industrial  I  Management  Engineering 
Technien-Israel  Institute  of  Technology 
Haifa  1 

ISRAEL 

1  DR.  JAMES  G.  GREENO 
LRDC 

UNIVERSITY  OF  PITTSBURGH  1 

3939  O'HARA  STREET 
PITTSDURGH,  FA  15213 


Dr.  Frederick  Hayes-Roth 
The  Rand  Corporation 
1700  Main  Street 
Sente  Monica,  CA  90406 

Dr.  James  R.  Hof  than 
Department  of  Psychology 
University  of  Delaware 
Newark,  DC  19711 

Glenda  Grecnwald , . Ed . 

"Human  Intelligence  Newsletter" 
P.  0.  Box  1163 
Blrmingtam,  MI  48012 

Dr.  Earl  Hunt 
Dept,  of  Psychology 
University  of  Washington 
SeatUe,  WA  98105 

Dr.  Steven  W.  Keel* 

Dept,  of  Psychology 
University  of  Oregon 
Eugene,  OR  97403 

Dr.  Walter  Kin tech 
Department  of  Psychology 
University  of  Colorado 
Boulder,  CO  80302 

Dr.  David  Klaras 
Department  of  Psychology 
University  ef  Prisons 
TWseon,  AT  15721 
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1  Dr.  Stephen  Kosslyn 
Harvard  University 
Depart* ent  of  Psychology 
33  Kirkland  Street 
Cambridge.  HA  02133. 

1  Hr.  Harl&n  Kroger 
1117  Via  Geieta 

Palos  Verdes  Estates,  CA  9027* 

1  Dr.  4111  Larkin 

Department  of  Psychology 
Carnegie  Hellon  University 
Pittsburgh,  PA  15213 

1  Dr.  Alan  Lesgold 
Learning  RAD  Center 
University  of  Pittsburgh 
Pittsburgh,  PA  15260 

1  Dr.  Michael  Levine 

Departaent  of  Educational  Psychology 
210  Education  Bldg. 

University  of  Illinois 
Champaign,  XL  61801 

1  Dr.  Robert  A.  Lev it 

Director,  Behavioral  Sciences 
The  BEN  Corporation 
7915  Jones  Branch  Drive 
Me Clean,  VA  22101  * 

1  Dr .  Charles  Lewis 

Faeulteit  Soc isle  Uptea sc happen 
Rijksuniveraiteit  Groningen 
Oude  Botcrlngestraat 
Groningen 
NETHERLANDS 

1  Dr.  Mark  Hiller 

Ceaputar  Science  laboratory 
Tea  as  Znatrments,  Inc. 

Mail  Station  371,  P.d.  Sox  225936 
Dellaa,  TX  75265 
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1  Dr.  Donald  A  Neman 

Dept,  of  Psychology  C-409 
Unlv.  of  California,  San  Diego 
La  Jolla,  CA  92093 

1  Dr.  Jesse  Orlansky 

Institute  for  Defense  Analyses 
a 00  Amy  Navy  Drive 
Arlington.  VA  22202 

1  Dr.  Seymour  A.  Papert 

Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Lab 
5*5  Technology  Square 
Cambridge,  MA  02139 

1  Dr.  James  A.  Paulson 

Portland  State  University 
P.0.  Box  751 
Portland,  0B  97207 

1  MB.  LUIGI  PCTRULL0 

2*31  N.  EDGEWOQD  STREET 
ARLINGTON,  VA  22207 

1  DR.  PETER  POISON 
DEPT.  OP  PSYCHOLOGY 
UNIVERSITY  OF  COLORADO 
BOULDER,  CO  80)09 

1  Dr.  Fred  Raif 
SESAME 

c/o  Physics  Departaent 
university  of  Chlifsmia 
Btrkely,  CA  9*t20 

1  Dr.  Andrew  M.  Base 

American  Institutes  for  Research 
1055  Thomas  Jefferson  St .  Ml 
Washington.  DC  20007 

1  Dr.  Ernst  l,  Rsthhapf 
Bell  Laboratories 
600  Mountain  Avenue 
Murray  RiU,  RJ  CT9Y* 
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OR.  HALTER  SCHNEIDER 
DEPT.  OF  PSYCHOLOGY 
UNIVERSITY  OF  ILLINOIS 
CHAMPAIGN,  IL  61820 


Dr.  Alan  Schoenfeld 
Department  of  Hithematles 
Hamilton  College 
Clinton,  NY  13323 


Committee  on  Cognitive  Research 
%  Dr.  Lonnie  R.  Sherrod 
Social  Science  Research  Council 
605  Third  Avenue 
New  York,  NY  10016 


Robert  S.  Sicgler 
Associate  Professor  ■ 
Carnegle-Nellon  University 
Department  of  Psychology 
Schenley  Park 
Pittsburgh,  PA  15213 


Dr.  Robert  Smith 
Department  of  Computer  Science 
Rutgers  University 
New  Brunswick,  RJ  08903 


1  Dr.  Richard  Show 
School  of  Education 
Stanford  University 
Stanford,  CA  9*105 


1  Dr.  Robert  Sternberg 
Dept,  of  Psychology 
Yale  university 
Box  11A,  Yale  Station 
hew  Haven,  CT  106580 


DR.  ALSO?  STEVENS 
BOLT  8 ERASER  A  NEWMAN,  INC. 
50  MOULTON  STREET 
CAMBRIDGE,  KA  021 38 


or.  ThcpM  c. m&w: 

Director.  Sails  SkilU  Division 
HUH  RAO 

300  N.  Usahingtsn  Stmt 
Alessndria.VA  *»J1i 
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1  Dr.  Dsvid  Stone 
ED  236 

SUMY,  Albmy 
Albany,  NT  12222 


DR.  PATRICK  SUPPES 

INSTITUTE  FOR  MATHEMATICAL  STUDIES  IN 
THE  SOCIAL  SCIERCES 
STANFORD  UNIVERSITT 
STANFORD,  CA  9*305 


1  Dr.  Kikuml  Tatsuoka 

Computer  Based  Education  Research 
Laboratory 

252  Engineering  Research  Laboratory 
University  of  Illinois 
Urbans.  IL  61801 


1  Dr.  John  Thomas 

IBM  Thomas  J.  Watson  Research  Canter 
P.O.Box  218 

Yorktown  Heights,  NY  10598 


DR.  PERRY  YHORNBTKE 
THE  RAND  CORPORATION 
1700  MAIN  STREET 
SANTA  MONICA,  a  90*06 


Dr.  Douglas  Towns 
Ublv.  of  So.  California 
Behavioral  Tbahnoldgy  Labs 
18*5  S.  Elena  dee, 

Redondo  Beach,  CA  90277 


1  Dr.  J.  Bhlaner 

rvrQ9pbron««9 *  in« 

6271  Varid  Avenue 
Woodland  Mils.  CA  9131* 


Dr.  Benton  J.  Underwood 
Dept*  of  Psychology 
Northwaxterrl  University 
Evanston,  %  60201 


1  Br.  Phyllis  Weaver 

Graduate  School  of  Bdueatlon 


Sai  'ss/!* 
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1  Dr.  David  J.  Weiss 
N660  Elliott  Hall 
University  of  Minnesota 
75  E.  River  Road 
Minneapolis,  MN  55955 

1  DR.  GERSHON  WELTMAN 
PERCEPTRONICS  INC. 

6271  VARIEL  AVE. 

WOODLAND  HILLS,  CA  91 367 

1  Dr.  Keith  T.  We scour t 
Information  Sciences  Dept 
The  Rand  Corporation 
1700  Main  St. 

Santa  Monica,  CA  90406 

1  DR.  SUSAN  E.  WHITELT 
PSYCHOLOGY  DEPARTMENT 
UNIVERSITY  OF  KANSAS 
LAWRENCE,  KANSAS  66044 

1  Dr.  Christopher  Vi eke ns 
Department  of  Psychology 
University  of  Illinois 


